Global health policy efforts to improve health and reduce financial burden of disease in low-and middle-income countries (LMIC) has fuelled interest in expanding access to health insurance coverage to all, a movement known as Universal Health Coverage (UHC). Ineffective insurance is a measure of failure to achieve the intended outcomes of health insurance among those who nominally have insurance. This study aimed to evaluate the relation between national-level income inequality and the prevalence of ineffective insurance. We used Standardized World Income Inequality Database (SWIID) Gini coefficients for 35 LMICs and World Health Survey (WHS) data about insurance from 2002 to 2004 to fit multivariable regression models of the prevalence of ineffective insurance on national Gini coefficients, adjusting for GDP per capita. Greater inequality predicted higher prevalence of ineffective insurance. When stratifying by individual-level covariates, higher inequality was associated with greater ineffective insurance among sub-groups traditionally considered more privileged: youth, men, higher education, urban residence and the wealthiest quintile. Stratifying by World Bank country income classification, higher inequality was associated with ineffective insurance among upper-middle income countries but not low-or lower-middle income countries. We hypothesize that these associations may be due to the imprint of underlying social inequalities as countries approach decreasing marginal returns on improved health insurance by income. Our findings suggest that beyond national income, income inequality may predict differences in the quality of insurance, with implications for efforts to achieve UHC.
Introduction
Global health policy efforts to improve health and reduce financial burden of disease in low-and middle-income countries (LMIC) has fuelled interest in expanding access to health insurance coverage to all, a movement for Universal Health Coverage (UHC). The World Health Report 2010 defines UHC as a health system where all people in need of health services (promotion, prevention, treatment, rehabilitation and palliation) receive them without undue financial hardship (WHO 2010) . Subsequent research, including case studies in 13 countries, has underwritten efforts to establish UHC as an outcome for the post-2015 development goals (Boerma et al. 2014 , UN General Assembly 2015 .
There is substantial interest in the capacity for UHC to reflect its goals, particularly with respect to improving health equity (Giedion et al. 2013) . For example, one study of Mexico's new public insurance program found heterogeneity in financial protection for rural residents based upon existing access to well-staffed health facilities (Grogger et al. 2015) . 'Ineffective insurance' is defined as nominal insurance coverage that does not protect beneficiaries from having to borrow or sell personal items to pay for health services, having an untreated medical condition, or delivering a child outside a skilled health facility (El-Sayed et al. 2016) . Using World Health Survey data of 42 LMICs, they found a 13% prevalence of ineffective insurance, of which 69% had to borrow or sell personal items to pay for healthcare. Furthermore, ineffective insurance was associated with lower household wealth and residence in rural areas.
Concurrently, there has been renewed interest in income inequality and its association with social outcomes, including economic growth, political stability and health and social well-being (Ortiz and Cummins 2011) . The relation between income inequality and population health (mortality rates, life expectancy) has been welldocumented, independent of individual-level socioeconomic status or societal-level wealth (Biggs et al. 2010 , De Vogli et al. 2005 , Wilkinson and Pickett 2008 , Kondo et al. 2009 ). However, the debate about the potential causal effect of income inequality on population health persists. First, the association may be confounded by education, race/ethnicity, or individual income. Second, reverse causation may occur through effects of good health that contribute to higher socioeconomic status (e.g. increased earnings, educational attainment and labour force participation) and may in turn contribute to societal income inequality (Ellison 2002 , Gravelle 1998 , Lynch et al. 2004 . However, authors have argued that these alternative explanations can only explain a portion of the observed relation and that societal-level income inequality remains causally predictive of poor health (Babones 2008 , Bezruchka et al. 2008 , Pickett and Wilkinson 2015 , Zheng 2012 .
Access to healthcare may be one causal pathway by which income inequality may influence population health -and insurance is an important predictor of health access. Therefore, we were interested in the relation between income inequality and the quality of insurance and sought to examine the relation between national-level income inequality and ineffective health insurance in LMICs. This work may both shed light on the relation between income inequality and population health and improve our understanding of potential policy challenges to achieving UHC.
Materials and Methods

Data
We used data from the World Health Survey (WHS), the Standardized World Income Inequality Database (SWIID), and the Penn World Tables (PWT) . Income inequality was assessed utilizing Gini coefficients for the 35 countries in the WHS datasets obtained from the SWIID version 5.0 (Solt 2014) . As our exposure variable, Gini coefficients of net inequality for each country were averaged between 1999 and 2001, the three years before which we had outcome variable data (ineffective insurance as assessed between 2002 and 2004). Averages of three years were utilized to reflect the time period of the outcome variable and minimize yearly variation.
National GDP data were obtained from the PWT version 8.1 to control for national wealth (Feenstra et al. 2015) . The GDP per capita variable was generated utilizing real GDP at constant 2005 national prices (mil. 2005US$) divided by population (in millions) for each country in each year as provided by the PWT. GDP per capita was then averaged between 1999 and 2001 for the 35 countries of interest to match the exposure variable.
The WHS is a cross-sectional study conducted by the World Health Organization (WHO) between 2002 and 2004 in 70 countries representing each United Nations sub-region and comprising over 300 000 individuals with the aim of compiling comprehensive baseline population health information, monitoring health outcomes and informing future health system investments. The survey was conducted at the household level and used sampling weights for national representation to allow country-level inference. Household-level characteristics, including insurance and wealth and individual-level characteristics, including socio-demographic information, health state descriptions, health care utilization and health system responsiveness, were collected. The SWIID attempts to develop a crossnationally comparable database of Gini indices across time. It currently includes Gini estimates for gross and net income inequality for 171 countries from 1960 to 2009 utilizing all major sources of inequality data including the United Nations University's World Income Inequality Database (UNU-WIDER WIID), the World Bank's PovcalNet, the OECD Income Distribution Database, the World Top Incomes Database, as well as national statistical offices and other sources (Solt 2009 ). The PWT provides data on real GDP to measure standard of living across countries (Feenstra et al. 2015) . Utilizing prices collected by the International Comparisons Program to construct purchasing power parity (PPP) exchange rates, the PWT converts GDP at national prices to a common currency (U.S. dollars) to make them comparable across countries. Data is available for 167 countries between 1950 and 2011.
The initial WHS sample includes 288 431 households in 70 countries. As our focus was LMICs, our analysis excluded those countries classified as high-income by 2003 World Bank country income classifications (n ¼ 20) (World Bank 2003) . We also excluded countries that did not provide WHS survey weights (n ¼ 1; Guatemala), did not collect insurance information (n ¼ 1; Latvia), or that do not have data in the SWIID or PWT during the years of interest (n ¼ 4; Chad, Comoros, Republic of the Congo, Myanmar). Ineffective insurance includes, by definition, a subset of only the population that has health insurance. Therefore, we excluded countries that had a negligible prevalence of health insurance among those surveyed, which we define as a prevalence of health insurance <1% among the un-weighted country WHS survey population (n ¼ 9; Bangladesh, Burkina Faso, Ethiopia, Laos, Malawi, Mali, Mauritania, Pakistan, Swaziland). The final sample therefore included 35 countries of which 10 were low income, 16 lowermiddle income and 9 upper-middle income (Table 1 ). In addition, Turkey was excluded for sub-analyses regarding marital and educational status due to missing WHS household data.
Individual country-level data were extracted using the dataset design published previously (El-Sayed et al. 2016). Briefly, households were considered nominally insured if they answered affirmatively regarding the insurance status of the primary household respondent ('Is this person covered by any kind of health insurance plan?'). Nominally insured respondents were considered ineffectively insured if they fulfilled any of the following criteria: lack of treatment for a diagnosed chronic condition, failure to deliver a child in a health facility (women only), or sale of household assets or borrowing money from someone other than a friend or family member in order to pay for health care in the past year. In addition, we also collected the following covariates: age in years (categorical: 13-34, 34-65, 65þ), sex, marital status (binary: married/cohabitating versus other), education (binary: any secondary education versus no secondary education), urban residence (binary: urban versus rural), and countryspecific wealth quintile (Hosseinpoor et al. 2014) . Withincountry relative wealth indices were created within each country using principal components analysis of country-specific household asset questions and subsequently divided into quintiles as described previously (Filmer and Pritchett 2001) . National survey sampling weights as provided by the WHS were used to allow for country-level inferences.
Analysis
We performed logarithmic transformations on all variables to correct for non-normal distribution of the data (not shown). First, we fit multivariable linear regression models of ineffective insurance on Gini coefficient, adjusting for GDP per capita, and on each constituent component of ineffective insurance. Second, we fit further multivariable linear regression models of ineffective insurance by the Gini coefficient stratified by each of our covariates. Third, we fit multivariable linear regression models of ineffective insurance by the Gini coefficient stratified by World Bank country income classifications in 2003.
The analysis utilized secondary data in the public domain and was therefore exempt from IRB review requirements. All analyses were conducted using Stata version 14 (StataCorp, College Station, TX, USA).
Results
Multivariable linear regression models of ineffective insurance on Gini coefficients adjusting for GDP per capita are shown in Table 2 . Simple regression of the prevalence of ineffective insurance on Gini coefficient showed a significant association (P 0.001) with a coefficient of 1.759 (95% CI: 0.844-2.673). After adjusting for GDP per capita the association remained significant (P 0.01) with a coefficient of 1.274 (95% CI: 0.429-2.119). Linear regression models were also fit for each sub-category of ineffective insurance (sold/borrowed assets or money, untreated for chronic condition and child delivery outside health facility). In the simple regression model national Gini coefficients were significantly associated with selling or borrowing assets or money to pay for healthcare expenditures (P 0.001) and delivering a child outside a health facility (P 0.05). Upon adjusting for GDP per capita, the association with selling or borrowing assets or money to pay for healthcare expenditures remained significant (P 0.01) with a coefficient of 1.984 (95% CI: 0.720-3.248). Table 3 shows simple and multivariable regression models of prevalence of income inequality on Gini coefficients stratified by demographic covariates known to affect health and healthcare utilization (age, sex, marital status, education, residence, wealth quintile). In a simple regression model, Gini coefficients were directly associated with prevalence of ineffective insurance among all demographic subgroups except those >65 years old and the poorest wealth quintile. After adjusting for GDP per capita, associations continued to be significant among 13-34 year-olds and 35-65 yearolds, males, those of both married and unmarried status, those with any secondary education, both urban and rural residence, as well as the second-poorest, middle and wealthiest quintile. Table 4 shows simple and multivariable regression models of the prevalence of ineffective insurance on Gini coefficients stratified by World Bank country income classifications in 2003. Gini coefficients were significantly associated with ineffective insurance only among upper-middle income countries (P 0.05). As expected, GDP per capita was not significantly associated with ineffective insurance when stratifying by country income classification.
Discussion
This study considered the influence of income inequality on the quality of health insurance in LMICs. We found that income inequality was directly associated with ineffective insurance after adjusting for national income per capita. This was particularly true among the more privileged: younger people, men, the more highly educated and the wealthiest quintile. Further, we found that this association was most robust among the wealthiest LMICs.
The general results are consistent with prior studies reporting GDP-per-capita-adjusted Gini coefficients as predictors of formal health insurance coverage across countries (Feigl and Ding 2013) . These results are also consistent with the finding that, in the United States, Gini index tracks inversely with life expectancy among the highest income quartile but not among the bottom income quartile (Chetty et al. 2016). Our findings are further supported by another study showing that the relation between inequality by U.S. state and poor self-rated health was stronger among advantaged sub-groups, including a stronger relationship among whites versus blacks and wealthier rather than poorer individuals (Subramanian and Kawachi 2006) . Similarly, living in states with high income inequality was associated with increased mortality among people with high incomes but not low incomes (Lochner et al. 2001) .
We propose that the association between income inequality and ineffective insurance is initially mediated by increases in health insurance with increasing wealth, and therefore, health insurance quality may be driven largely by increasing societal wealth, as represented by GDP per capita. However, countries eventually arrive at a relative plateau of decreasing marginal returns on health insurance quality from increases in societal wealth. At this stage, remaining betweencountry inequalities in the quality of insurance can be predicted by national income inequality and may reflect underlying social inequality. In other words, at lower societal wealth levels, quality of insurance is likely to track more or less directly with societal wealth. At higher societal wealth levels, where a basic set of health services can be afforded by a substantial portion of the population, other factors become more important as predictors of insurance quality, such as distance to a health centre, access to transportation, and employment status. These other factors may be more sensitive to societal-level inequalities. Furthermore, higher income countries with more societal inequality may exhibit policy characteristics that may predispose certain segments of the population to higher prevalence of ineffective insurance. For example, higher income countries more dependent on private health insurance systems may have segments of their population exposed to higher deductibles or co-insurance or pre-existing condition exclusions leading to relatively increased prevalence of ineffective insurance than would be expected for their level of societal wealth. Hence, societies with greater income inequality may be those where the inter-individual influences of the social determinants of health, including quality of health insurance, are most distinct. This is supported by our finding that upon stratifying the association between income inequality and health insurance by individuallevel markers of socioeconomic well-being, the influence of income inequality was more substantial among privileged groups: younger people, men, the more educated and the wealthiest. Among higherincome societies, where the effects of income inequality on ineffective insurance is more pronounced, standardized state benefits are afforded primarily to the poor. This could leave the relatively more privileged more exposed to the negative influences of income inequality. Alternatively, those more poised to reap benefits from a more egalitarian distribution of wealth may be currently disadvantaged members of historically privileged groups, thus allowing them to more acutely respond to changes in income inequality.
Research on causal mechanisms of the effect of income inequality on health has focused on a hypothesized pathway of socioeconomic status differentiation mediated by effects of relative deprivation and upward social comparisons as well as erosion of social cohesion (Deaton 2003 , Kondo et al. 2009 , Pickett and Wilkinson 2015 . Furthermore, the causal link from income inequality to health has often been contested among health economists, who allow only an effect mediated by the purchase of health care (Deaton 2003) . This study provides evidence of another policymediated link between income inequality and health. Inferior health insurance may lead to poorer health outcomes (via decreased access to care, lapses in financial protection, etc.). The quality of health insurance may have structural social underpinnings independent of the ability of individuals to purchase health insurance. This effect may be one of multiple possible causal pathways by which socioeconomic status differentiation in unequal societies affects health.
This study had numerous limitations largely resulting from the source data and exigencies of study design. Since income inequality, and therefore Gini coefficient, is a societal-level variable, the analysis must be done on a societal-not household-level, and the power from having 288 431 households in the WHS was lost. The WHS survey included 70 countries, and after excluding the 20 upper-income countries we were left with only 35 countries eligible for this study, partially due to the low insurance prevalence in nine of the LMIC countries included in the WHS. This is, however, a common limitation of ecological studies investigating cross national income inequality, with the number of countries included ranging between 21 and 24 in numerous studies (De Vogli et al. 2005 , Wilkinson and Pickett 2007 , Biggs et al. 2010 . The limited number of countries is often compensated for by longitudinal analyses, but the lack of time series data from the WHS prohibited us from analysing trends in ineffective insurance and income inequality over time. The type of data collected in the WHS also limited our case definition and, therefore, assessment of ineffective insurance. Thus, estimates of ineffective insurance were intended to reflect conservative estimates by limiting our definition to the existence of three potential issues (having an untreated chronic condition, selling assets or borrowing money to pay for healthcare expenditures, and delivering a child outside of a health facility). We found that income inequality was directly associated with ineffective insurance, especially among groups that are traditionally more privileged and among wealthier LMICs. We hypothesize that this association may be due to the imprint of underlying social inequities as a population approach decreasing marginal returns of societal wealth on improved health insurance. Despite the growth in health insurance coverage from UHC expansion and increasing wealth of LMICs, there can still be inequities in access and financial protection that are reflective of underlying social inequities. As UHC is further expanded under the Sustainable Development Goals, our work emphasizes the need for investment in health systems strengthening to monitor and ameliorate the development of such inequities.
